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Abstract 
Vapor liquid equilibrium measurements were carried out in the temperature range 40 - 120oC for aqueous 30% MEA solution for 
a fresh solution, solutions containing 0.24mol/kg artificial heat stable salts (HSS)(sulfate, acetate, formate); and solutions from 
pilot plant containing real HSS (of concentrations 0.12, 0.24 and 0.35 mol/kg). All solutions are aqueous containing MEA of 
alkalinity 4.91 mol/kg. The solutions gave similar CO2 partial pressures at a given temperature and CO2 loading. Solutions from 
pilot plant that contains MEA + real HSS showed somewhat increased CO2 partial pressure and were particularly slow to attain 
equilibrium. Existing VLE model for 30% MEA adequately represent the experimental data from fresh 30% MEA and 30% 
MEA + artificial HSS without any adjustment to the model. The existing model does not represent the VLE of 30% MEA + real 
HSS solution adequately. A correction factor of 1.3 applied to the pCO2 of the 30% MEA model was sufficient for adequate 
representation. The highly degraded level of the 30%MEA + real HSS solutions makes it unrealistic for a typical process. The 
solutions containing 30% MEA + artificial HSS mixture give a more realistic representation of liquid used in a typical process for 
CO2 capture; the VLE of these solutions is adequately represented by the existing model without adjustment. 
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1. Introduction 
Accurate correlation and prediction of the equilibrium behavior of any chemical solvent for carbon dioxide 
absorption is of fundamental importance in the design, optimization and operation of absorption based CO2 capture 
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processes. Equilibrium models for absorbents found in the literature are typically derived from vapor liquid 
equilibrium measurements for fresh solutions loaded with CO2. In practice amine solutions will stay fresh for a 
certain time from the start-up after which degradation set in at various rate depending on the solvent. Solvent 
degradation results in formation of degradation products and these result in some changes in the composition of the 
fresh solution from which VLE data and in essence the equilibrium models are derived. One result of solvent 
degradation is the formation of Heat Stable Salts (HSS). HSS is a product of the neutralization reaction between an 
amine and an organic or inorganic acid. Such acids originate from either amine degradation, absorption of sulfur 
oxides or other acid-forming components from the gas being treated [1-2]. HSS are difficult to regenerate and at high 
concentrations they cause operational problems such as corrosion, foaming and reduction in solvent capacity. Some 
questions that arise are how valid are the equilibrium models when solvent degradation has occurred and can the 
models developed from fresh amine solutions be adequately applied to degraded solutions containing HSS?  Much 
of the studies in the literature on HSS have been dedicated to understanding the mechanisms and on HSS 
management [3-4]. Little attention has been paid on the impact of HSS on CO2 absorption. This work aims to use 
vapor liquid equilibrium measurements to investigate the impact of HSS on equilibrium absorption of CO2 using 
MEA solutions containing artificial HSS and real pilot plant solutions with respectively low and high HSS 
concentrations. 
2. Materials and methods 
2.1. Chemicals 
The different chemicals used for experiments were prepared with the following design: 
x A constant 4.91 mol/kg free MEA alkalinity is maintained because amine concentration will always be 
adjusted to original concentrations to compensate for any amine loss in a real capture plant. 
x Three concentrations of HSS in solution were investigated: 0.12, 0.24, and 0.35 mol/kg. This takes into 
account low, medium and high concentration HSS in absorption solution. Aqueous 30% MEA solutions 
containing artificial and real HSS from pilot plants were used.  
 
Used MEA solutions were collected from the two pilot plants; Maasvlakte (owned by TNO) and Heilbronn (owned 
by EnBW) with data on the pilot plant solution composition given in Table 1. The samples from Maasvlakte was 
denoted by “TNO” while the ones from Heilbronn by “HEILB”. 
 
Table 1 Data on used MEA solution collected from pilot plants 
 Maasvlakte (TNO) Heilbronn (HEILB) 
Final MEA concentration (mol/l) 1.76 5.00 
HSS concentration (mol/kg) 0.450 0.015 
Fe (mg/l) 585 13 
 
Fresh aqueous 30% MEA solution containing no HSS was prepared using ı99% MEA from Sigma Aldrich. 
This solution is used for base case equilibrium measurement that will correspond to the data and model available in 
the literature. Organic acids are known to be degradation products in MEA solutions [4]; thus formate and acetate 
were chosen as synthetic HSS forming degradation products. In addition also sodium sulfate was included in order 
to have comparison against effect of a non-amine HSS.  Three different aqueous MEA solutions of alkalinity 4.91 
mol/kg were prepared, each contains 0.24mol/kg artificial HSS. The following HSS were used, Sulfate (HSS1), 
Acetate (HSS2) and Formate (HSS3). Each of the MEA + artificial HSS solutions  was prepared using ı99% MEA 
and the corresponding salt or acid;  ı 99% sodium sulfate for HSS1,  ı99.7% acetic acid for HSS2, and  ı95%  
formic acid for HSS3.  An excess of 0.24mol/kg MEA was added in HSS2 and HSS3 to maintain free MEA 
alkalinity at 4.91mol/kg. Sodium sulfate, HSS1 is already a salt and does not undergo further reaction with MEA to 
alter the amine concentration. HSS concentration in solution was confirmed by analysis of total HSS by a wet 
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chemical method. Three concentration of HSS; 0.12, 0.24 and 0.35 mol/kg in 4.91 mol/kg free MEA alkalinity (30% 
MEA) were prepared from the mixture of the MEA solutions from the two pilot plants since they contain 
significantly different proportions of HSS (see Table 1). Free MEA concentration in the solution from the 
Maasvlakte (TNO) pilot plant was very low, it was therefore necessary to first correct the amine concentration to 
4.91 mol/kg free MEA solution basis by addition of fresh MEA. The solutions from the two pilot plants were 
blended as shown in Table 2 in order to achieve different fraction of HSS in the solutions. An HSS analysis was 
used to cross check the final concentrations. Figure 1 gives a pictorial illustration of the samples from pilot plant that 
was used for the VLE measurements. 
 
Table  2 Preparation of different concentrations of HSS in aqueous MEA solution of alkalinity 4.91mol/kg  from the pilot plants 
Maasvlakte, TNO (wt.%) Heilbronn, HEILB (wt.%) HSS (mol/kg) 
31 69 0.12 
67 33 0.24 
100 0 0.35 
 
 
 
Fig.1 Illustration of MEA solutions with real HSS from pilot plant used for VLE measurements. 
2.2. Vapor-Liquid Equilibrium 
2.2.1. Low temperature VLE (LTVLE) 
Vapor liquid equilibrium for the CO2 loaded MEA solutions from 40 to 80oC and at atmospheric pressure were 
measured using a low temperature/atmospheric vapor liquid equilibrium apparatus. The apparatus is designed to 
operate up to 80oC ± 0.1oC. 150cm3 of pre-loaded sample solutions were filled in the three equilibrium cells 
respectively (360cm3 glass flasks). The gas phase was thereafter circulated by a BÜHLER pump at a set 
temperature and analyzed online until steady values of gas phase CO2 composition were recorded by a calibrated 
Fisher –Rosemount BINOS® 100 NDIR Gas Analyzer. Details on the experimental set up and procedure can be 
found at [5-6]. Liquid phase compositions were obtained by taking a ~25 cm3 sample from the last equilibrium 
(using a syringe) for CO2 analysis and for total alkalinity. Same sample is used for HSS analysis for selected 
samples. After each equilibrium point, the liquid phases in all the cells are removed and diluted with the original 
unloaded solution or loaded with more CO2 to shift to a new loading. All samples were analyzed for CO2 content 
after equilibrium by total inorganic carbon analysis. 
2.2.2. High temperature VLE (HTVLE) 
Equilibrium total pressure in the temperature range 80 to 120oC for the aqueous MEA solutions were obtained 
using a high temperature VLE apparatus. The apparatus consists of two connected autoclaves (1000 and 200cm3) 
rotating 180o with 2 rpm and designed to operate up to 15 bar and 150oC. The experiment starts when the cell is 
evacuated and purged with CO2. Original solution without pre-loaded CO2 is then injected into the reactor 
through a liquid line and pure CO2 is injected at the desired pressure and at a set temperature. Equilibrium is 
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attained when temperature and pressure are constant to within ± 0.2°C and ± 0.02 bar respectively. A liquid 
sample for analysis is collected by closed sampling into an evacuated sampling cylinder (316 steel cylinder of 
volume 150ml) containing about 50ml of a fresh solution. The cylinder is weighed before and after sampling and 
cooled below ambient temperature in a refrigerator. Closed sampling with fresh unloaded solution of same 
concentration and cooling below ambient conditions ensures no loss of CO2 by flashing at atmospheric pressure. 
CO2 partial pressure is determined from the measured total pressure by applying Raoults law, eq. 1. CO2 loading 
in the mixed solution in the sample container is determined by a method for total inorganic carbon [6]. The 
actual amount of CO2 in the loaded solution is then calculated from eq. 2 while the loading is determined 
according to eq. 3: 
 
(1) 
(2) 
In the expressions above, CCO2liq = liquid phase CO2 concentration in loaded solution (mol/kg); CCO2ana = analyzed liquid 
phase CO2 concentration of the sample (mol/kg); gtot = total weight sample (loaded + unloaded) (g); gsample = weight loaded 
sample (g) 
 
After equilibrium was achieved, for 30% MEA and 30% MEA + artificial HSS solutions experiments; a fresh 
unloaded 30% MEA and 30% MEA + artificial HSS solutions of same concentration were respectively used to 
dilute the sampled solution from the equilibrium cell and eq. 3 used to determine the loadings. However for 
MEA + real HSS solution, it was not possible to obtain solutions with true zero CO2 loading to be used for the 
dilution. A fresh unloaded 30% MEA solution without HSS was used for dilution. It was therefore necessary to 
correct for the exact mass of the sampled solution because of differences in density. HSS content determined 
from HSS analysis must also be corrected because of dilution by fresh 30% MEA solution. The following 
expressions were used to determine the CO2 loading and HSS content of the sampled MEA + real HSS solution 
after equilibrium:  
(3) 
  (4) 
 (5) 
 
(6) 
(7) 
(8) 
Here; Cam = amine alkalinity (mol/kg); ჴ = CO2 loading (mol/mol); gcorr_sample = corrected loaded sample weight  (g); 
gHSS_corr = HSS corrected unloaded sample weight (g); gunloaded = unloaded sample weight (g); HSSana = HSS measured by 
analysis (mol/kg) ; HSS = HSS concentration (mol/kg); ρ1 = density fresh MEA (g/ml); ρ2 = density MEA with real HSS 
(g/ml) 
 
݌ܥܱʹ ൌ ܲݐ݋ݐ െሺݔܯܧܣ ݌ܯܧܣ ൅ݔܪʹܱ݌ܪʹܱሻ 
ܥܥܱʹ݈݅ݍ ൌ ܥܥܱʹܽ݊ܽ ቈ
݃ݐ݋ݐ
݃ݏܽ݉݌݈݁ ቉ 
ߙ ൌ ܥܥܱʹ݈݅ݍܥܽ݉  
ܥܥܱʹ݈݅ݍ ൌ ܥܥܱʹܽ݊ܽ ቈ
݃ݐ݋ݐ
݃ܿ݋ݎݎ ̴ݏܽ݉݌݈݁ ቉ 
݃ܿ݋ݎݎ ̴ݏܽ݉݌݈݁ ൌ ݃ݐ݋ݐ െ݃ܪ̴ܵܵܿ݋ݎݎ  
݃ܪ̴ܵܵܿ݋ݎݎ ൌ ݃ݑ݈݊݋ܽ݀݁݀ ൤
ߩͳ
ߩʹ൨ 
ܥܽ݉ ൌ ͶǤͻͳൣͳ െ ͲǤͲͶͶܥܥܱʹ݈݅ݍ ൧ 
ܪܵܵ ൌ ܪܵܵܽ݊ܽ ቈ
݃ݐ݋ݐ
݃ܿ݋ݎݎ ̴ݏܽ݉݌݈݁ ቉ 
 Ugochukwu Edwin Aronu et al. /  Energy Procedia  63 ( 2014 )  1781 – 1794 1785
3. Modelling 
 
The temperature dependency of CO2 partial pressure on loading can be fitted with a parameterized sigmoid function 
in a so-called soft model: 
 
  ݌஼ைଶ ൌ ܣߙ ൅ ݇ଵ ൅ ஻ଵା௞మୣ୶୮ሺି௞య୍୬ఈሻ                                     (9) 
             
This model is applied to the experimental data to represent the CO2 partial pressure vs loading results obtained for 
the various MEA and MEA + HSS VLE measured data.  
 
4. Results and discussion 
 
4.1. Vapor-liquid equilibrium results 
 
4.1.1. Base case MEA 
A base case 30% MEA VLE measurement at 80oC will be compare to the data from VLE of 30% MEA 
containing HSS to observe any impact of HSS on CO2 absorption for an aqueous 30% MEA solution, further it 
will validate the experimental procedure of using two VLE equipment as well as literature data. VLE result in 
figure 2 shows that the result from this work is in good agreement with the existing literature data [5]. Further, 
the results show that the two methods of VLE measurements, LTVLE and HTVLE give consistent results 
 
 
Fig. 2 VLE result for 30% MEA at 80oC from low temperature VLE (LTVLE) and high temperature VLE apparatus compared to literature 
data. 
 
4.1.2. MEA + artificial HSS 
The impact of artificial HSS on the VLE of a 30% MEA solution was studied using both the LTVLE and 
HTVLE equipment. VLE measurements were carried out at 80oC on aqueous MEA solution of alkalinity 4.91 
mol/kg (30% MEA) containing respectively, 0.24mol/kg of artificial HSS1 (sulfate), HSS2 (acetate) and HSS3 
(formate) to observe the impact of the artificial HSS on the equilibrium CO2 partial pressure for the MEA 
solution. From the results shown in figure 3 it can be observed that the presence of artificial HSS in aqueous 
30% MEA solution does not result in change in the equilibrium CO2 partial pressure at a given loading at 80oC 
when compared with fresh aqueous 30% MEA containing no HSS.  
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Fig. 3 Equilibrium plot for VLE of 30% MEA + artificial HSS at 80oC 
 
4.1.3. MEA + real HSS 
Equilibrium measurements were carried out in the temperature range 40 -120oC using LTVLE and HTVLE 
equipment for the aqueous 30%  MEA solutions that contains real HSS from pilot plant and for different HSS 
concentrations; 0.12mol/kg (in TNO 31% + HEILB 69%), 0.24mol/kg (in TNO 67% + HEILB 33%) and 0.35 
mol/kg (in TNO 100%). Results from the VLE are shown in figure 4 and are compared to literature data for fresh 
30% MEA solution. The figure shows that in most cases, data obtained for the MEA + real HSS solution used 
here lie above the literature data from fresh 30% MEA solution indicating a slightly increased CO2 partial 
pressure over the solution. Model results (in section 4.2) show that the observed increase in CO2 partial pressure 
is about 30% of the values for a fresh 30% MEA solution. At higher temperatures of 100 and 120oC the 
increased pCO2 compared to the literature data is more pronounced. It is not clear if the higher CO2 partial 
pressure is due to contributions from CO2 partial pressure alone or other components that may be present in the 
highly degraded samples. In the experimental calculations, the vapour phase is assumed to be composed of only 
CO2, amine and water vapour. It must be mentioned that it generally took a longer time to attain equilibrium for 
this MEA + real HSS solution. This could be an indication of slower reaction kinetics for these systems or 
further degradation of the samples during the experiments under such conditions. HSS monitoring results (in 
section 4.1.4) however, show no significant changes in HSS concentration after experiments. The VLE results 
here indicates that there will be no significant difference in equilibrium CO2 partial pressure over 30% MEA 
solution containing real HSS of different concentrations when the free MEA alkalinity is kept at 4.91mol/kg and 
the solution is not allowed to degrade heavily as the solutions used in this work as shown by result in section 
4.1.2.  
4.1.4. HSS monitoring 
Samples from equilibrium measurement were randomly analysed for HSS content in solution for each set of 
measurement representing every temperature and concentration measured. This was to ensure that the correct 
concentration of HSS is maintained in solution and helps to know if HSS concentration in solution is maintained 
after the equilibration particularly for the HTVLE measurements. The method for all total HSS analysis carried 
out is based on that; all anions are transferred to its corresponding acids by use of a strong cation ion exchanger. 
The amount of acids is then determined by a traditional acid base titration using NaOH. Analysed HSS result 
from the HTVLE equipment were corrected for dilution during sampling as described in section 2.2.2 to 
determine the final measured value. HSS analysis results are given in Table 3. The results show that the 
measured HSS in solution is adequately maintained at the calculated values at which the solutions were 
prepared; 0.24mol/kg for artificial HSS1, HSS2 and  HSS3 while for real HSS different desired concentrations of 
0.12, 0.24 and 0.35 mol/kg HSS in 4.91 mol/kg free MEA solution were maintained. A significant deviation 
however is found in sample no 21 and 24. The reason for the higher than expected HSS concentrations in these 
two samples is not clear but it was observed that in these experiments the solution previously used for LTVLE 
was re-used. Re-use of solutions was necessitated by the limited quantity of solutions from the pilot plants. In 
general it can be concluded that the planned HSS concentration was maintained during the experiments and that 
the measurements does not have any significant effect on the HSS content of the solution. 
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Fig. 4 Equilibrium plot for VLE of 30% MEA + real HSS from pilot plants at different HSS concentration and temperatures. ■, 30% MEA 
[5]; ●, 30% MEA_TNO 100%; ♦, 30% MEA_TNO 67%+HEILB 33%; ▲, 30% MEA_TNO 31%+HEILB 69% 
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Table 3 HSS Analysis result for aqueous 30% MEA solutions from HSS monitoring of VLE samples.  
 
 
4.2. Modeling results 
 
A 30% MEA soft model with parameters for eq. 9 given in Table 4 was built from Aronu et al., 2011 data [5] which 
was obtained from fresh 30% MEA solution. 
 
Table 4 Model parameters for 30wt% MEA. 
Parameter Value 
A 1.8 
B 10 
k1 -9155.955*(1/T) + 28.027 
k2 exp[-6146.18*(1/T) +15] 
k3 7527.0376*(1/T) -16.942 
 
The model representation of experimental data in Figure 5 shows that the model gives a good representation of the 
experimental data. Further the soft model representation of the VLE result for MEA + artificial HSS at 80oC is 
shown in Figure 6. The figure also shows that existing model for 30% MEA adequately represents the experimental 
without any model adjustment. 
T pCO2 α HSS calculated HSS Measured  ρ
 (oC) (kPa)  (mol/mol) (mol/kg) (mol/kg) kg/l
1 None 0.00 NAN 1.011
2 Sulfate (HSS1) 0.24 0.24 1.042
3 Acetate (HSS2) 0.24 0.24 1.018
4 Formate (HSS3) 0.24 0.23 1.017
5 TNO 100% 0.35 0.36 1.059
6 TNO 67% + HEILB 33% 0.24 0.24 1.057
7 TNO 31% + HEILB 69% 0.12 0.14 1.055
8 Sulfate(HSS1) LTVLE 80 4.46 0.401 0.24 0.21
9 Acetate (HSS2) LTVLE 80 4.63 0.354 0.24 0.24
10 Formate (HSS3) LTVLE 80 4.78 0.355 0.24 0.21
11 Sulfate(HSS1) HTVLE 80 319.41 0.583 0.24 0.21
12 Acetate (HSS2) HTVLE 80 17.33 0.425 0.24 0.22
13 Formate (HSS3) HTVLE 80 317.49 0.564 0.24 0.21
14 TNO 100% LTVLE 40 8.37 0.497 0.35 0.33
15 TNO 100% LTVLE 60 6.87 0.456 0.35 0.35
16 TNO 100% LTVLE 80 2.20 0.293 0.35 0.31
17 TNO 100% HTVLE 80 531.02 0.575 0.35 0.33
18 TNO 100% HTVLE 100 830.56 0.544 0.35 0.33
19 TNO 100% HTVLE 120 419.12 0.455 0.35 0.31
20 TNO 67% + HEILB 33% LTVLE 40 1.23 0.438 0.24 0.23
21 TNO 67% + HEILB 33% LTVLE 60 3.97 0.430 0.24 0.29
22 TNO 67% + HEILB 33% LTVLE 80 4.25 0.347 0.24 0.23
23 TNO 67% + HEILB 33% HTVLE 80 556.01 0.566 0.24 0.22
24 TNO 67% + HEILB 33% HTVLE 100 629.12 0.543 0.24 0.31
25 TNO 67% + HEILB 33% HTVLE 120 569.92 0.464 0.24 0.21
26 TNO 31% + HEILB 69% LTVLE 40 5.14 0.474 0.12 0.12
27 TNO 31% + HEILB 69% LTVLE 80 5.70 0.362 0.12 0.13
28 TNO 31% + HEILB 69% HTVLE 80 884.87 0.588 0.12 0.12
29 TNO 31% + HEILB 69% HTVLE 120 442.56 0.455 0.12 0.13
Sample 
No
HSS VLE 
Equipment
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Fig. 5 30% MEA model representation of literature experimental data [5]. 
 
Fig. 6 Equilibrium plot for VLE of 30% MEA + artificial HSS at 80oC and representation by 30% MEA model. 
The 30% MEA soft model applied to the various MEA + real HSS without any adjustment is respectively shown for 
31% TNO + 69% HEILB, 67% TNO + 33% HEILB and 100% TNO in Figure 7. The figures show that in most 
cases, the measured equilibrium partial pressure of CO2 for 30% MEA containing real HSS are slightly higher than 
the model results. The pCO2 results from the soft model were adjusted using a factor of 1.3. This correction factor, 
representing a 30% increase in pCO2, resulted in good model representation of the experimental data of the real HSS 
solution as shown in figure 8 a, b and c.  Deviation between experiment and model calculation could sometimes 
vary within ±20 to 30% however the fact that all the experimental data from real HSS lie above the model results 
suggests that the real HSS solutions yield somewhat higher CO2 partial pressures than the fresh 30% MEA solution. 
The real HSS used for the VLE measurements are heavily degraded. In a typical process, amines will not be allowed 
to degrade to these levels before reclaiming. The VLE results for MEA + artificial HSS (shown in Figure 6) is 
believed to give a better representation of the impact HSS on the equilibrium CO2 absorption in a typical process. 
This figure shows that presence of HSS will have no significant impact on equilibrium CO2 absorption when amine 
alkalinity is maintained and that the existing MEA models can be used to correlate the VLE of such system.  
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(a) 
 
(b) 
 
(c) 
Fig. 7 30% MEA non-adjusted model representation of experimental data of 30% MEA containing real HSS. (a) 31% TNO + 69% HEILB; (b) 
67% TNO + 33% HEILB; (c) 100% TNO 
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(a) 
 
(b) 
 
(c) 
Fig. 8 30% MEA adjusted model representation of experimental data of 30% MEA containing real HSS. (a) 31% TNO + 69% HEILB; (b) 67% 
TNO + 33% HEILB; (c) 100% TNO 
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5. Conclusion 
 
Vapour liquid equilibrium measurements were carried out for fresh 30% MEA solution, three different 30% MEA 
solution containing 0.24mol/kg artificial heat stable salts (HSS); sulfate, acetate, formate and 30% MEA solution 
from pilot plant containing real HSS with varied concentration; 0.12, 0.24 and 0.35 mol/kg. All solutions contain 
MEA of alkalinity 4.91 mol/kg. Equilibrium measurements were carried out at 40, 60 and 80oC using the low 
temperature VLE (LTVLE) equipment while a high temperature VLE (HTVLE) equipment was used for 80, 100 
and 120oC. All the solutions, fresh MEA, MEA + artificial HSS and MEA + real HSS gave similar CO2 partial 
pressures at a given temperature and CO2 loading but data from MEA + real HSS showed somewhat increased CO2 
partial pressure. Solutions containing real HSS from the pilot plant were particularly slow to achieve equilibrium; 
this is attributed to slower reaction kinetics of the heavily degraded solutions. Existing VLE model for 30% MEA 
adequately represent the experimental VLE for fresh 30% MEA and 30% MEA + artificial HSS. The existing 30% 
MEA VLE model does not represent the data of MEA + real HSS solution adequately. A correction factor of 1.3 
applied to the pCO2 of the soft model was sufficient for adequate representation. The highly degraded level of the 
MEA + real HSS solutions makes it unrealistic for a typical process. A solution used in a process must be reclaimed 
long before such degradation level is attained. The solutions containing 30% MEA + artificial HSS mixture gives a 
more realistic representation of condition of liquid used in a typical process for CO2 capture. The VLE of these 
solutions is adequately represented by the existing model without adjustment. 
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Appendix A. Equilibrium data 
 
Table A1. VLE result for aqueous 30% MEA + artificial HSS at 80oC* 
 
*HSS1 = Sulfate; HSS2 = Acetate; HSS3 = Formate; m = mol/kg solution 
 
 
 
 
 
T α pCO2 α pCO2 α pCO2 
(oC) (mol/mol) (kPa) (mol/mol) (kPa) (mol/mol) (kPa)
30% MEA + 80 0.308 1.17 30% MEA + 0.243 0.72 30% MEA + 0.250 0.80
0.24m HSS1 80 0.348 1.96  0.24m HSS2 0.272 1.08 0.24m HSS3 0.297 1.52
80 0.365 2.74 0.306 1.77 0.337 2.63
80 0.401 4.46 0.337 2.63 0.373 4.78
80 0.411 6.90 0.371 4.63 0.408 8.43
80 0.434 12.0 0.395 7.67 0.426 12.9
80 0.495 38.2 0.416 12.8 0.470 30.5
80 0.524 74.2 0.445 17.3 0.518 83.4
80 0.583 319.4 0.516 76.5 0.593 317.5
80 0.602 537.7 0.569 309.3 0.613 509.0
80 0.650 945.0 0.607 576.1 0.647 859.9
0.639 907.7
Solvent Solvent Solvent
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Table A2. VLE result for aqueous 30% MEA from pilot plants containing real HSS. 
 
T α pCO2 α pCO2 α pCO2 
(oC) (mol/mol) (kPa) (mol/mol) (kPa) (mol/mol) (kPa)
30% MEA_ 40 0.175 0.01 30% MEA_ 0.420 0.81 30% MEA_ 0.425 0.73
TNO 100% 40 0.277 0.04 TNO 67%+HEILB 33% 0.438 1.23 TNO 31%+HEILB 69% 0.447 1.64
40 0.356 0.10 0.461 2.65 0.469 3.19
40 0.414 0.59 0.479 5.83 0.474 5.14
40 0.425 0.97 0.491 7.71 0.475 8.12
40 0.432 0.80 0.499 13.5 0.495 11.5
40 0.459 2.02 0.502 11.9 0.503 16.1
40 0.473 5.85 0.503 16.2 0.515 20.9
40 0.474 4.53 0.513 15.0
40 0.497 8.37
40 0.497 9.69
40 0.505 13.0
40 0.524 18.9
60 0.290 0.29 0.282 0.24
60 0.355 0.78 0.313 0.40
60 0.398 1.88 0.355 0.83
60 0.436 4.69 0.385 1.60
60 0.438 4.00 0.430 3.97
60 0.456 6.87 0.434 6.07
60 0.469 9.67 0.458 8.98
60 0.477 12.6 0.465 13.1
60 0.481 17.2 0.478 18.9
80 0.234 0.96 0.172 0.33 0.155 0.28
80 0.255 1.40 0.209 0.61 0.200 0.80
80 0.293 2.20 0.264 1.26 0.263 1.24
80 0.310 2.84 0.299 2.01 0.312 2.06
80 0.328 3.94 0.332 3.32 0.325 3.09
80 0.352 5.89 0.347 4.25 0.352 4.20
80 0.379 9.89 0.368 6.12 0.362 5.70
80 0.457 44.5 0.387 9.67 0.377 7.75
80 0.475 81.0 0.401 12.1 0.390 9.42
80 0.545 327.3 0.433 31.1 0.394 11.2
80 0.575 531.0 0.491 122.9 0.400 13.4
80 0.594 898.2 0.519 266.9 0.450 40.6
80 0.566 556.0 0.479 108.7
80 0.601 893.2 0.527 310.2
80 0.566 589.9
80 0.588 884.9
100 0.420 73.6 0.398 69.7
100 0.472 224.0 0.460 230.4
100 0.488 340.5 0.488 347.7
100 0.516 530.5 0.509 415.9
100 0.517 421.6 0.520 513.5
100 0.533 610.0 0.543 629.1
100 0.544 830.6 0.548 932.8
100 0.550 949.5 0.548 768.0
120 0.366 88.0 0.376 158.3 0.202 11.4
120 0.418 228.9 0.423 315.3 0.337 64.4
120 0.435 324.1 0.464 569.9 0.371 120.5
120 0.455 419.1 0.465 448.9 0.433 303.6
120 0.472 551.6 0.481 634.0 0.455 442.6
120 0.485 633.5 0.482 733.9 0.477 582.4
120 0.506 819.6 0.498 874.6 0.483 660.4
120 0.488 846.4
Solvent SolventSolvent
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